The star 1SWASP J024743.37−251549.2 was recently discovered to be a binary star in which an A-type dwarf star eclipses the remnant of a disrupted red giant star (WASP 0247−25 B). The remnant is in a rarely-observed state evolving to higher effective temperatures at nearly constant luminosity prior to becoming a very low-mass white dwarf composed almost entirely of helium, i.e., it is a pre-He-WD. We have used the WASP photometric database to find 17 eclipsing binary stars with orbital periods P=0.7 -2.2 d with similar lightcurves to 1SWASP J024743.37−251549.2. The only star in this group previously identified as a variable star is the brightest one, EL CVn, which we adopt as the prototype for this class of eclipsing binary star. The characteristic lightcurves of EL CVn-type stars show a total eclipse by an A-type dwarf star of a smaller, hotter star and a secondary eclipse of comparable depth to the primary eclipse. We have used new spectroscopic observations for 6 of these systems to confirm that the companions to the A-type stars in these binaries have very low masses (≈ 0.2M ⊙ ). This includes the companion to EL CVn which was not previously known to be a pre-He-WD. EL CVn-type binary star systems will enable us to study the formation of very low-mass white dwarfs in great detail, particularly in those cases where the pre-He-WD star shows non-radial pulsations similar to those recently discovered in WASP0247−25 B.
. Maxted et al. (2011) showed that this eclipsing binary star contains an A-type dwarf star (WASP 0247−25 A) and a pre-He-WD with a mass ≈ 0.2M ⊙ (WASP 0247−25 B). The only other example of a similar eclipsing binary star known at that time was the star V209 in the globular cluster ω Cen (Kaluzny et al. 2007 ). This is an extremely unusual object in which a pre-He-WD is eclipsed by a 0.945M ⊙ star with an effective temperature T eff = 9370 K. The eclipsing binary star AW UMa may also contain a pre-He-WD, although the interpretation of this system is complicated by an equatorial belt of material that makes the lightcurve of this binary look like that of a W UMa-type contact binary star (Pribulla & Rucinski 2008) . More recently, Pietrzyński et al. (2012) have discovered that the star OGLE-BLG-RRLYR-02792 is an eclipsing binary star with an orbital period of 15.2 days in which a pre-He-WD star with a mass of 0.26M ⊙ shows RR-Lyraetype pulsations with a period of 0.63 days. Some very young helium white dwarfs in eclipsing binary systems have been identified using Kepler photometry (Rowe et al. 2010; van Kerkwijk et al. 2010; Carter et al. 2011; Breton et al. 2012) . These stars are difficult to study because they are much fainter than their A-type and B-type companion stars. In contrast, HZ 22 (Schönberner 1978) and HD 188112 (Heber et al. 2003) are also known to be pre-He-WD, but the companions to these non-eclipsing binary stars are too faint to have been detected so far, and so it has not been possible to derive precise, model-independent masses for these stars.
Low-mass white dwarf stars (M 0.35M ⊙ ) are the product of binary star evolution (Iben & Livio 1993; Marsh et al. 1995) . Various evolution channels exist, but they are generally the result of mass transfer from an evolved main sequence star or red giant star onto a companion star. Towards the end of the mass transfer phase the donor star will have a degenerate helium core. This "stripped red giant star" does not have sufficient mass to undergo a helium flash, and so the white dwarf that emerges has an anomalously low mass and is composed almost entirely of helium. For this reason, they are known as helium white dwarfs (He-WD). If the companion to the red giant is a neutron star then the mass transfer is likely to be stable so the binary can go on to become a low mass X-ray binary containing a millisecond pulsar. Several millisecond radio pulsars are observed to have low-mass white dwarf companions (Lorimer 2008) . Many He-WD have been identified in the Sloan Digital Sky Survey (Kilic et al. 2007) , some with masses as low as 0.16M ⊙ (Kilic et al. 2012) , and from proper motion surveys (Kawka & Vennes 2009) . Searches for radio pulsar companions to these white dwarfs have so far found nothing, so the companion stars are likely to also be white dwarf stars (Agüeros et al. 2009 ). This can be confirmed in those few cases where these binary white dwarf pairs show eclipses (Parsons et al. 2011; Brown et al. 2011) . Helium white dwarfs (He-WD) can also be produced by mass transfer from a red giant onto a main sequence star, either rapidly through unstable common-envelope evolution or after a longer-lived "Algol" phase of stable mass transfer (Refsdal & Weigert 1969; Giannone & Giannuzzi 1970; Willems & Kolb 2004; Iben & Livio 1993; Chen & Han 2003; Nelson & Eggleton 2001) . He-WDs may also be the result of collisions in dense stellar environments such as the cores of globular clusters (Knigge et al. 2008 ).
The evolution of He-WDs is expected to be very different from more massive white dwarfs. If the timescale for mass loss from the red giant is longer than the thermal timescale, then when mass transfer ends there will still be a thick layer of hydrogen surrounding the degenerate helium core. The mass of the hydrogen layer depends on the total mass and composition of the star (Nelson et al. 2004 ), but is typically 0.001 -0.005M ⊙ , much greater than for typical white dwarfs (hydrogen layer mass < 10 −4 M ⊙ ). The preHe-WD then evolves at nearly constant luminosity towards higher effective temperatures as a result of the gradual reduction in the hydrogen layer mass through stable p-p chain shell burning. This pre-He-WD phase can last several million years for lower mass stars with thicker hydrogen envelopes. Towards the end of this phase p-p chain fusion becomes less efficient and the star starts to fade and cool.
The smooth transition from a pre-He-WD to a He-WD can be interrupted by one or more phases of unstable CNO burning (shell flashes) for pre-He-WD with masses ≈ 0.2 -0.3M ⊙ (Webbink 1975; Driebe et al. 1999) . These shell flashes substantially reduce the mass of hydrogen that remains on the surface. The mass range within which shell flashes are predicted to occur depends on the assumed composition of the star and other details of the models (Althaus et al. 2001 ). The cooling timescale for He-WD that do not undergo shell flashes is much longer than for those that do because their thick hydrogen envelopes can support residual p-p chain fusion for several Gyr. Maxted et al. (2013) found strong observational support for the assumption that He-WD are born with thick hydrogen envelopes. They found that only models with thick hydrogen envelopes could simultaneously match their precise mass and radius estimates for both WASP 0247−25 A and WASP 0247−25 B, together with other observational constraints such as the orbital period and the likely composition of the stars based on their kinematics. In addition, they found that WASP 0247−25 B is a new type of variable star in which a mixture of radial and non-radial pulsations produce multiple frequencies in the lightcurve near 250 cycles/day. This opens up the prospect of using asteroseismology to study the interior of this star, e.g., to measure its internal rotation profile.
The study by clearly demonstrates that finding a pre-He-WD in a bright eclipsing binary system makes it possible to study these rarelyobserved stars in great detail and so better understand all low-mass white dwarfs. This will, in turn, improve our understanding of the various exotic binary systems and extreme stellar environments in which low-mass white dwarfs are found. Motivated by this discovery, we have used the WASP photometric database to search for similar eclipsing binary systems to WASP 0247−25. Here we present an analysis of the WASP lightcurves and other data for 17 new eclipsing binary stars, 16 of which are new discoveries, and all of which are newly identified as binary systems containing a pre-He-WD.
TARGET SELECTION
The WASP survey is described in Pollacco et al. (2006) and Wilson et al. (2008) . The survey obtains images of the night sky using two arrays of 8 cameras each equipped with a charge-coupled device (CCD), 200-mm f/1.8 lenses and a broad-band filter (400 -700 nm). Two observations of each target field are obtained every 5 -10 minutes using two 30 s exposures. The data from this survey are automati- cally processed and analysed in order to identify stars with lightcurves that contain transit-like features that may indicate the presence of a planetary companion. Lightcurves are generated using synthetic aperture photometry with an aperture radius of 48 arcsec. Data for this study were obtained between 2004 May 05 and 2011 Aug 02. We identified stars with lightcurves similar to WASP 0257−25 in the WASP photometric archive by inspection of the lightcurves folded on orbital periods identified by the various transit detection algorithms used by this survey. We looked for a characteristic lightcurve in which the primary eclipse has a "boxy" appearance, i.e., steep ingress and egress and a well defined flat section, and the secondary eclipse due to the transit of the pre-He-WD has a comparable depth but is shallower than the total eclipse caused by the occultation. Stars were selected for inspection based on various combinations of parameters that characterised the phase-folded lightcurve, e.g, the depth and width of the eclipse.
For each star with this type of lightcurve we used a least-squares fit of a lightcurve model and inspection of the available catalogue photometry similar to the final analysis described below to verify that the primary eclipse is due to the total eclipse by an A-type or F-type dwarf star of a smaller, hotter star. We found 17 stars that satisfied these criteria, only one of which (EL CVn) has been previously catalogued as an eclipsing binary star. Although EL CVn was not previously known to contain a pre-He-WD, it is currently the brightest known example of this type of binary star and is the only one to-date with an entry in the General Catalogue of Variable Stars (Kazarovets et al. 2008) . For these reasons, and as a matter of convenience, we choose EL CVn as the prototype of this class of variable star. The new EL CVn-type binary stars identified are listed in Table 1.
The new EL CVn stars presented here are not a complete survey of the WASP archive for this type of binary star. The selection effects that affect this incomplete survey of the WASP archive may be large and are difficult to quantify. For example, WASP 0845+53 was included in this study because the lead author noticed a print-out of its lightcurve on a co-author's desk.
ADDITIONAL OBSERVATIONS

PIRATE photometry
Observations of WASP 1628+10 were obtained with the 0.4-m PIRATE telescope (Holmes et al. 2011) ′ ×43 ′ field of view. The camera is thermo-electrically cooled and was operated at −20
• C. All frames were taken with the Baader R filter; this has a performance similar to the Astrodon Sloan r' filter used by the APASS survey (Smith et al. 2010 ). The data sets were calibrated in the standard way using flat field, dark and bias frames. Synthetic aperture photometry of the target relative to 5 comparison stars was performed using the software package Maxim DL v. 5.18. The aperture radius, (≈ 4 arc seconds), was set to twice the full-width at half maximum of the stellar profiles in each image.
Spectroscopy
Spectroscopy of WASP 0845+53 was obtained with the ISIS spectrograph on the 4.2-m William Herschel Telescope (WHT) at the Observatorio del Roque de los Muchachos on the nights 2010 April 23 -26. We used the R600B grating on the blue arm to obtain spectra covering the wavelength range 3650 -5100Å at a dispersion of 0.44Å/pixel. The exposure time was 600 s and the signal-to-noise ratio in a typical spectrum as approximately 150 per pixel. Spectra were extracted from the images using the software package pamela and the spectra were analysed using the program molly.
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Observations of the star were bracketed by calibration arc observations and the wavelength calibration interpolated to the time of mid-observation for each spectrum. The RMS residual of a 4 th order polynomial fit to the 33 arc lines used for the wavelength calibration was typically 0.02Å. The resolution of the spectra is approximately 1.1Å.
Spectroscopy of WASP 0843−11 and WASP 1323+43 was obtained with the Sandiford Cassegrain Echelle Spectrometer (SES) on the 2.1-m Otto Struve Telescope at McDonald Observatory on the nights 2012 January 04 -16. The exposure time used was 1800 s. The mean dispersion is 0.037Å/pixel and the resolving power of the spectrograph is R ≈ 60 000. The typical signal-to-noise per pixel is approximately 25 for WASP 1323+43 and 5 for WASP 0843−11. These spectra cover the wavelength range 4011 -4387Å. The spectra were reduced using iraf.
Spectroscopy of WASP 1323+43, WASP 1625−04, WASP 1628+10 and WASP 2101−06 was obtained using the Twin spectrograph on the 3.5-m telescope at the Calar Alto observatory. We used the T12 600 line/mm grating in the blue arm to obtain spectra covering the approximate wavelength range 3290 -5455Å at a dispersion of 1.1Å/pixel. Spectra were extracted from the images using the software package pamela and the spectra were analysed using the program molly. The resolution of the spectra is approximately 2.3Å. The RMS residual of a 3 rd order polynomial fit to the 15 arc lines used for the wavelength calibration was typically 0.65Å.
ANALYSIS
Lightcurve analysis
We used jktebop 3 (Southworth 2010 and references therein) to analyse the WASP and PIRATE lightcurves using the ebop lightcurve model (Etzel 1981; Popper & Etzel 1981) . The parameters of the model are: the surface brightness ratio J = SB/SA, where SA is the surface brightness of star A ("the primary star") and similarly for star B ("the secondary star") 4 ; the sum of the radii relative to semi-major axis, s = (RA + RB)/a; the ratio of the radii, k = RB/RA; the orbital inclination, i; the orbital period, P ; the UTC time (HJD) of the centre of the eclipse of star B, T0; the mass ratio, q = MB/MA; the linear limb-darkening coefficient for star A, xA. We define star B to be the smaller star in the binary in each case. We assumed that the orbit is circular and adopted a value xB = 0.5 for the linear limbdarkening coefficient of star B. Varying the value of xB has a negligible effect on the lightcurve. Claret & Bloemen (2011) have calculated the gravity darkening coefficient, y, for stars in the Kepler pass-band, which is similar to the WASP passband. The value of y varies strongly and non-monotonically over the effective temperature range of interest between the values 0.1 to 0.8. The gravity darkening coefficient of the secondary star has a negligible effect on the lightcurve so we set it to the value yB = 0.5. It is not possible to determine the gravity darkening coefficient of the primary star, yA, independently from the lightcurve because it is strongly correlated with the value of q, so we include yA as a free parameter in the least-squares fit but limit this parameter to the range yA = 0.1 -0.8. We used the cyclic residual permutation method (prayer-bead method) to estimate the standard errors on the lightcurve parameters. The results are given in Table 2 . The observed lightcurves and the model fits are shown in Fig. A1 .
Systematic errors in lightcurve parameters
The mass ratio estimated from the lightcurve depends on the amplitude of the ellipsoidal effect, i.e., the variation between the eclipses caused by the gravitational distortion of the stars, particularly the primary star. The amplitude of the ellipsoidal effect also depends on the assumed rotation rate for the primary star. We have assumed that the primary star rotates synchronously, but this is known not to be the case in WASP 0247−25. Indeed, the mass ratio inferred from the lightcurve solution for WASP 0247−25 (q = 0.121 ± 0.005) is significantly different from the correct value measured directly using spectroscopy (q = 0.137 ± 0.002). A similar discrepancy was observed by Bloemen et al. (2012) in the case of KOI-74, an A-star with a low mass white dwarf companion in a 5.2-d orbit.
In the case of WASP 1628+10 we can compare the results derived from the PIRATE photometry to the results derived from the WASP photometry in order to estimate the likely level of systematic errors on the parameters. WASP 1628+10 is one of our fainter targets and there are several stars 1 -2 magnitudes fainter within a few arc minutes of this star. It is unlikely that these are bright enough to significantly affect the WASP photometry. The value of s derived from the WASP lightcurve agrees well with the value derived from the PIRATE lightcurve, as might be expected given that this parameter is determined mainly by the duration of the eclipses. However, there is disagreement just below the 2-σ level in the value of k derived from the two lightcurves. It is also possible that one or both of the stars in WASP 1628+10 is a pulsating star, as is the case for WASP 0247−25 A (an SX Phe-type star) and WASP 0247−25 B. The WASP photometry is obtained over many pulsation cycles and so the effect of any pulsations will be "averaged-out" in these lightcurves. The same does not apply to the PIRATE lightcurve because some parts of the eclipses have only been observed once or twice. So, if pulsations are present then there may be a systematic error in the value of k derived from the PIRATE lightcurve. In principle, systematic errors in the estimation of the sky background level can affect the measured amplitude of features in the lightcurve such as the eclipses and the ellipsoidal effect. In practice, the typical sky background level in the WASP and PIRATE images is too low for this to be the main cause of the discrepancy. The WASP photometry is processed using the sysrem algorithm (Tamuz et al. 2005) . We inspected the power spectrum of the corrections applied by this algorithm to the WASP lightcurve of WASP 1628+10 and found that there is negligible power at the orbital frequency or its first harmonic. Nevertheless, obtaining accurate photometry from wide-field images such as those used in the WASP survey is not straightforward, so it is also possible that the source of the discrepancy is some instrumental effect in the WASP lightcurve. Whatever the source of this discrepancy may be, this level of systematic error in the value of k is not large enough to affect our conclusion that the secondary star in this binary system is a pre-He-WD.
In summary, there may be systematic errors in the values of k and q derived from the WASP lightcurves. In the case of WASP 1628+10, the systematic error in RA/a is no more than a few per cent, but the value of RB/a may be in error by about 15 per cent. This is not sufficient to affect our conclusion that the secondary stars in these binary systems are pre-He-WD. Table 2 . Parameters for the lightcurve models fit by least-squares. L B /L A is the luminosity ratio in the band noted, other parameter definitions are given in the text. T 0 is given as HJD(UTC)-2450000 and N is the number of observations. See section 4.1.1 for a discussion of possible systematic errors in these parameters. We have estimated the effective temperatures of the stars by comparing the observed flux distribution of each binary star to synthetic flux distributions based on the BaSel 3.1 library of spectral energy distributions (Westera et al. 2002) . Near-ultraviolet (NUV) and far-ultraviolet (FUV) photometry was obtained from the GALEX GR6 catalogue 5 (Morrissey et al. 2007 ). Optical photometry was obtained from the NOMAD catalogue 6 (Zacharias et al. 2004 ). Near-infrared photometry was obtained from the 5 galex.stsci.edu/GR6 6 www.nofs.navy.mil/data/fchpix
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7 and DENIS 8 catalogues (Skrutskie et al. 2006; The DENIS Consortium 2005) . The assumed surface gravity has little effect on the model spectra and so we adopt nominal values of log gA = 4.0 for the primary stars and log gB = 5.0 for the secondary stars. For the reddening we take the values for the total line-of-sight reddening from the maps of Schlafly & Finkbeiner (2011) 9 . We compared the E(B−V) values derived from these maps to the values derived using Strömgren photometry for 150 A-type stars by Schuster et al. (2004) . We find that standard deviation of Table 3 . Effective temperature estimates based on fitting the observed flux distribution and the surface brightness ratio from the fit to the WASP lightcurve. N f is the number of flux measurements included in our least-squares fits. We have assumed an error in E(B−V) of ±0.034 and accounted for this additional uncertainty in the error estimates quoted for T eff,A and T eff,B . difference between these values is 0.034 magnitudes. This additional source of error is accounted for in our analysis. We used linear interpolation to create a grid of spectral energy distributions (SEDs) for the primary stars covering the effective temperature range T eff,A = 6000 K -10 000 K in 25 K steps, 10 000 K -13 000 K in 50 K steps and 13 000 K -17 000 K in 100 K steps. We produced a similar grid for the secondary stars over the effective temperature range T eff,B = 7000 K -30 000 K. Both grids cover the metallicity range [Fe/H] = −2.0 to [Fe/H] = 0.5 in steps of 0.5.
For every pair of T eff,A and T eff,B values we integrated the synthetic SED of each star over a rectangular band-pass that approximates the band-pass for each of the observed flux measurements. We then combined these synthetic flux distributions according to the luminosity ratio of the stars in the WASP photometric band given in Table 2 and calculated the value of the scaling factor, z that minimises the quantity
where N f is the number of flux measurements included in the fit, f obs,i are the observed flux measurements, fsyn,i are the combined fluxes calculated from the synthetic SEDs and σi is the standard error on fsyn,i given in the source catalogue. The factor ssys is used to allow for additional uncertainties in comparing model fluxes to observed fluxes, e.g., inconsistencies between the zero-point of the flux scale from different catalogues. We included the surface brightness ratio measured from the WASP lightcurve as an additional constraint in the least-squares fit by using the figure of merit
, where J obs and σJ are taken from Table 2 and Jsyn is the surface brightness ratio in the WASP band calculated from the synthetic SEDs. In combination with the fixed luminosity ratio this equivalent to adding the ratio of the stellar radii as a constraint in the fit.
There are five free parameters in this least-squares fit, z, T eff,A , T eff,B and the value of [Fe/H] for each star. We fit [Fe/H] independently for each star because the primary stars may be chemically peculiar stars, e.g., Am-type stars, and the secondary stars may also have unusual surface chemical composition as a result of their evolution or diffusion of elements in their atmospheres due to gravitational settling and radiative levitation. The values of [Fe/H] that provide the best-fit to these broad-band flux measurements are unlikely to be an accurate estimate of the stars' true surface composition and so we do not quote them here. We have used the value ssys = 0.05 for all the fits because this gives χ 2 ≈ N f −Npar, where Npar = 5 is the number of free parameters in the least-squares fit. The saturation limits for the GALEX instrument are not precisely defined so for measurements close to the nominal saturation limit we increased the standard error by a factor of 10, rather than simply excluding measurements near this limit. This was particularly useful in the case of WASP 0131+28 where the GALEX fluxes were strongly under-predicted by the models if they were completely excluded from the fit. The fits to the observed flux distributions are shown in Fig. A2 . The values of T eff,A , T eff,B derived are given in Table 3 .
We tested our method using the lightcurve solution for the WASP data of XY Cet by Southworth et al. (2011) . Using the same method as described above we derive effective temperatures T eff,A = 7865 ± 610 K and T eff,B = 7360 ± 500 K. While these values are not very precise, they are in good agreement with the values T eff,A = 7870 ± 115 K and T eff,B = 7620 ± 125 K derived from the analysis of the spectra of these stars. 
Spectral types
We have estimated the spectral types of our target stars by comparing the hydrogen lines and other spectral features 10 in our low resolution spectra to the spectra of bright stars with known spectral types (Fig. 1) . The spectral types derived are listed in Table 4 . These spectral types apply to the combined spectrum of the binary. The optical spectrum is dominated by the light from star A and so the spectral type of star A in each binary will be very similar to the value given in Table 4 unless star B has a very unusual spectrum. We did not notice any obvious signs of chemical peculiarity in these spectra. The Ca II K lines in some targets are slightly weak compared to those in the standard stellar spectra, which may be an indication of chemical peculiarity, but this line varies rapidly with spectral type so this is not a strong indication in this case. In the two cases where spec-tral types are listed in SIMBAD for our targets our spectral types are later than the published values by two sub-types.
Radial velocity measurements
We used a spectrum of the A4 V star HD 145689 (Bagnulo et al. 2003) as a template in a cross-correlation analysis of our spectra to measure the radial velocities of the primary star. We analysed the spectral regions 4900 -5300Å, 4370 -4830Å and 4120 -4320Å independently for WASP 0845+53 and took the mean radial velocity derived from the peak of the cross correlation function. For WASP 1323+43 we analysed the entire spectrum excluding a 40Å region around each Balmer line. The radial velocities derived and corrected for the radial velocity of the template taken from the SIMBAD database (−9 km s −1 ) are listed in Table 5 . The standard errors given in Table 5 were found by requiring the reduced chi-squared value of a circular orbit fit to be χ 2 r = 1. The parameters of the circular orbit fits are given in Table 6 and the fits are shown in Fig. 2 .
We attempted a similar analysis of the spectra obtained with the Twin spectrograph but found that the radial velocities derived were only accurate to about ±20km s −1 . We obtained one or two spectra near each of the quadrature phases, so these data are sufficient to show that WASP 1625−04 B, WASP 1628+10 B and WASP 2101−06 B are low mass objects ( 0.3M ⊙ ), but are not accurate enough to make a useful estimate of these stars' masses. The radial velocities derived from the McDonald spectra of WASP 0843−11 are also affected by systematic errors due to problems in combining data from different echelle orders in these low signal-to-noise spectra. Again, we can confirm that WASP 0843−11 B is a low mass star ( 0.3M ⊙ ) but are not able to reliably estimate its mass. Table 6 . Parameters for least-squares fits of a circular orbit to our measured radial velocities, Vr = V 0 + K sin((t − T 0 )/P ). The values of T 0 and P are taken from Table 2 and fm is the mass function.
WASP 0845+53 −42.2 ± 1.5 38.0 ± 1.8 0.0048 ± 0.0007 WASP 1323+43 −58.6 ± 0.3 29.0 ± 0.4 0.0020 ± 0.0001
Kinematics
We have calculated the Galactic U, V, W velocity components for the stars in our sample with measured radial velocities. For WASP 0845+53 and WASP 1323+43 we use the centre-of-mass velocity and its standard error from Table 6. The radial velocity of WASP 0358−31 is taken from Siebert et al. (2011), but rather than the quoted standard error we use a nominal standard error of 20km s −1 to account for the unknown contribution of the orbital velocity to this measurement. For the other stars we use the mean ra- dial velocity and its standard error measured from the Twin spectra. For the proper motions of the stars we used the average of the results from the PPMXL, UCAC4 and NOMAD catalogues (Roeser et al. 2010; Zacharias et al. 2013 Zacharias et al. , 2004 ). The proper motion values in these catalogues are not independent so we assigned an error of 1 mas/yr to these values or used the standard error of the mean if this is larger. To estimate the distance we assumed that the primary star has a mass in the range 1 -2M ⊙ and then used the values of P , q and RA/a from Table 2 to estimate the radius of this star. We then used the 2MASS apparent K-band magnitude corrected for the contribution from the secondary star and the calibration of K-band surface brightness as a function of effective temperature from Kervella et al. (2004) to estimate the distance to the binary. The values of U, V and W were calculated using the methods described in Pauli et al. (2006) and are given in Table 7 , together with the eccentricity (e) and z-component of the angular momentum (JZ) of the systems' Galactic orbits. Fig. 3 shows our targets in the U-V and e-JZ diagrams. WASP 0845+53 is clearly a halo star. The e-JZ diagram enables us to identify 5 thin-disk stars -these are noted in Table 7 . The remaining two targets are either thin-disk or thick-disk stars. We note in passing that the position of WASP 0247−25 in the e-JZ diagram is consistent with the assumption used in Maxted et al. (2013) that this star belongs to the thick-disk population.
Masses and radii
The surface gravity of the secondary star can be derived from the analysis of an SB1 binary with total eclipses without any assumptions about the masses or radii of the stars (Southworth et al. 2004 ). The effective temperatures and surface gravities of WASP 0845+53 B (log g = 5.32 ± 0.07) and WASP 1323+43 B (log g = 4.82 ± 0.04) are compared to models for the formation of low-mass white dwarfs in Fig. 4 . These models predict that the masses of WASP 0845+53 B and WASP 1323+43 B are both approximately 0.19M ⊙ .
The mean stellar density can be estimated from the parameters given in Table 2 via Kepler's Law using the equation ρ/ρ⊙ = 0.0134 (RA/a)
We compared the effective temperature (T eff ) and mean stellar density (ρ) of WASP 0845+53 A and WASP 1323+43 A to models from the Dartmouth Stellar Evolution Database (Dotter et al. 2008) . A zero-age main sequence star (ZAMS) model with solar composition and a mass of 1.75M ⊙ provides a good match to WASP 1323+43 A in the ρ -T eff plane (Fig. 5) . A ZAMS model with the same composition but a slightly lower mass provides a good fit for WASP 0845+53 A. Both stars will be less massive if they have a more metalpoor composition, which may be more appropriate for the halo star WASP 0845+53. For example, WASP 0845+53 A is well matched by a model with a mass of 1.45M ⊙ and a composition ([Fe/H], [α/Fe]) = (−0.5, 0.2) for an apparent age of about 1 Gyr. Note that this is the age of a single star model, the binary system may be much older because the A-type star will have gained mass from its companion during the formation of the pre-He-WD.
Notes on individual objects
WASP 0358−31 This star is listed in the 3 rd data release of the RAdial Velocity Experiment (RAVE) catalogue (Siebert et al. 2011 ). The stellar parameters from this catalogue are T eff =7647 K, log g=4.17, [M/H]=0.07 and [α/Fe]=0.00. This effective temperature estimate is in good agreement with our own estimate of the primary star effective temperature based on the flux distribution of the star and lightcurve solution (Table 3) . It should be noted that the stellar parameters from the RAVE catalogue do not account for the contribution of the secondary star to the observed spectrum. The distance to this star estimated by Zwitter et al. (2010) based on an analysis of the RAVE spectrum (504 ± 182) is in good agreement with the value in Table 7 , though less precise. WASP 1323+43 The estimated distance to this star given in Table 7 is in good agreement with the parallax measured using the Hipparcos satellite (van Leeuwen 2007). This star was detected as a periodic variable star using the Hipparcos epoch photometry by Koen & Eyer (2002) , although Table 7 . Galactic U, V, W velocity components of the stars in our sample and WASP 0247−25. The eccentricity (e) and the z-component of the angular momentum (J Z ) of the stars' Galactic orbits are also given. The population to which each star belongs has been estimated based on the stars' positions in the U -V and e -J Z diagrams. the period measured from those data was found to be incorrect by a factor of 2 by Otero & Dubovsky (2004) . This star appears in two libraries of stellar spectra as a standard A1V-type star (Jacoby et al. 1984; Silva & Cornell 1992) 
DISCUSSION AND CONCLUSIONS
The positions of WASP 0845+53 B and WASP 1323+43 B in Fig. 4 show that these are certainly pre-He-WD with masses ≈ 0.19M ⊙ . The available spectroscopy for WASP 1625−04, WASP 1628+10, WASP 2101−06 and WASP 0843−11 show that the secondary stars in these binary systems have masses 0.3M ⊙ and effective temperature ∼ 10 000 K, which is exactly as expected for pre-He-WDs. The minimum mass for a core helium burning star is about 0.33M ⊙ , but these anomolously low masses only occur for a narrow range of initial stellar mass around 2.3M ⊙ (Prada Moroni & Straniero 2009; Han et al. 2002) . Although our upper limit on the mass of these stars does not completely exclude the possibility that they are core helium burning stars, the following argument does make this extremely unlikely, both for these stars and for the stars for which we do not yet have any spectroscopy.
The models of Prada Moroni & Straniero (2009) show that low-mass core helium burning stars only have effective temperatures ∼ 10 000 K during phases when they are evolving very rapidly or when their luminosity is log(L/L ⊙ ) 1. If we assume that smaller star in the binary has a luminosity log(LB/L ⊙ ) = 1 then the luminosity ratios in Table 2 and effective temperatures in Table 3 require that the larger star in these binaries have radii RA ≈ 5 -10R ⊙ . These radii can be combined with the value of RA/a from Table 2 and Kepler's Law to make an estimate of the mass of star A in each binary. We used bolometric corrections for the V-band from Balona (1994) to convert the luminosity ratio in the WASP band from Table 2 to a bolometric luminosity ratio. We find that the assumption log(LB/L ⊙ ) = 1 leads to masses from 12 ± 2M ⊙ to 115 ± 16M ⊙ , with a typical value of 40 ± 10M ⊙ . This is clearly much too high for the mass of an A-type star that can fit into an orbit with a period of less than 2.2 days. Nevertheless, given the current observational uncertainties (particularly for those stars without spectroscopic follow-up) it may be possible that a few of these binary systems contain stars with a small carbon-oxygen core produced during an evolutionary phase not explored by the models of Prada Moroni & Straniero.
WASP 0845+53 A is a blue-straggler, i.e., an apparently young star in an old stellar population (the Galactic halo). If we assume that the red giant progenitor of WASP 0845+53 B had a mass close to the halo turn-off mass (≈ 0.8M ⊙ ) and that this was initially the more massive star in the binary system, then we see that WASP 0845+53 A must have gained about 0.6M ⊙ to get to a current mass of ≈ 1.45M ⊙ .
With one exception (WASP 1429−24, F0) the spectral types of the stars are all in the range A0 -A4. Dwarf stars with normal compositions in this range of spectral type have T eff ≈8000 -9400 K (Boyajian et al. 2012 ). The effective temperatures we have estimated by fitting the stars' flux distributions are generally within this range, but for WASP 1628+10 T eff is about 1000 K cooler than this. The spectral type expected for this star based on our estimate of T eff is approximately A8. Similarly, WASP0346−21, is expected to have a spectral type close to F0 based on our estimate of T eff but the published spectral type is A4 IV. If we assume that these stars have reddening E(B−V) approximately 0.15 magnitides larger than predicted by the reddening maps, as has observed for some other A-type stars (Schuster et al. 2004 ), then we find that the effective temperatures derived are in good agreement with the spectral types. If there is a discrepancy between the effective temperatures derived from our flux-fitting method and the spectral types then the atmospheric composition of these stars may be very different to any of the compositions assumed for the BaSel 3.1 library. The resolution and signal-to-noise of the spectra presented here are not sufficient to explore this issue further. A detailed analysis of high resolution spectra with good signal-to-noise would help us to better understand this problem, particularly if the spectra can be obtained during primary eclipse when there is no contribution from the companion star. In addition, high resolution spectra covering the interstellar Na I D-lines can be used to make independent estimates of the reddening to these stars (Munari & Zwitter 1997) .
Until the discovery of WASP 0247-25, very few pre-He-WD were known and none of these were easy to study, being either faint, or with unseen companion stars, or both (Maxted et al. 2011) . Our discovery of 17 new, bright eclipsing binary systems containing these rarely observed stars opens up the possibility of studying the formation of very low-mass white dwarfs in great detail. These discoveries also show the great value of the WASP photometric archive for the discovery and study of rare and interesting types of variable star.
The large number of photometric observations and high cadence of the WASP photometry makes it possible to identify the characteristic "boxy" primary eclipse in the lightcurve. This feature combined with a shallower secondary eclipse due to a transit is an unambiguous signal that a short period binary star must contain a pre-He-WD or similar highly evolved star. It would not be so straightforward to identify a pre-He-WD at an earlier phase of its evolution when it is cooler than the dwarf star. Several binary systems have been identified using Kepler photometry in which an A-type or B-type star has a young, low-mass white dwarf companion, i.e., stars at a more advanced evolutionary phase than the pre-He-WDs in EL CVn-type binaries. The Kepler binary systems have orbital periods in the range 2.6 -23.9 days (Breton et al. 2012; Rowe et al. 2010; Carter et al. 2011 ). This suggests that there are likely to be more pre-He-WD awaiting discovery in the WASP data, particularly at longer orbital periods. With a more systematic approach to discovering these binaries it may be possible to learn more about their formation by comparing the distributions of observed properties for a more complete sample to the predictions of binary population synthesis models. 
